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1. Introduction 
Carefully isolated whole chloroplasts containing 
an intact outer membrane xhibit photosynthetic 
control [ 1,2] and are able to synthesize ATP from 
ADP and phosphate against aphosphate potential [2] 
approaching that found for rat-liver mitochondria 
[3,4]. On the other hand, one of the most striking 
features of conventionally-prepared chloroplasts i  
the apparent lack of reversibility of photophosphory- 
lation in the dark. It seemed possible that the reversi- 
bility of phosphorylation was connected in some way 
with the integrity of the chloroplast structure. 
Wessels and Baltscheffsky [5] reported a low 
Mg2+-requiring ATPase activity in the dark with 
broken chloroplasts. Petrack and Lipmann [6] de- 
scribed a Mg2+-dependent ATPase that required pre- 
illumination in the presence of an electron acceptor 
and high thiol concentrations. Many reports have con- 
firmed the existence of this so-called light-triggered 
ATPase and of various exchange reactions measured 
under similar conditions [7-161. We have now com- 
pared the dark- and light-triggered ATPase and Pi-ATP 
exchange reaction in different classes of spinach 
chloroplasts and in chloroplast fragments. 
We found that intact chloroplasts (“Class I”, as 
defined by Spencer and Unt [ 171) possess ATPase 
and P,ATP exchange activities in the complete ab- 
sence of light. Both reactions are inhibited by inhibi- 
tors and uncouplers of photophosphorylation. Dam- 
age of the chloroplast structure leads to a loss of the 
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dark activities. In both intact and damaged chloroplast 
preparations, however, considerable ight-triggered 
activities were found. 
2. Materials and methods 
“Class 1” chloroplasts were prepared as described 
before [2]. “Class II” chloroplasts were obtained by 
the same procedure, using a blendor (30 set at top 
speed) for homogenization. After sedimentation of
the chloroplasts, they were washed once and finally 
suspended with a Potter-Elvehjem homogenizer. 
Chloroplast grana were isolated as described by 
Rienits [ 131. For sonication a MSE 100-W sonic dis- 
integrator was used at 20.5 kHz. 
Incubations were carried out at 27” in the dark in a 
medium containing 250 mM sucrose, 20 mM Tris 
(hydroxymethyl)methylaminoethane sulphonic acid 
buffer (pH 7.8) 3 mM MgC12 and chloroplasts equiv- 
alent to 50-80 pg chlorophyll. In the ATPase experi- 
ments, the reaction was started by the addition of 
3 mM ATP, after a preincubation of 2 min. The reac- 
tion time varied from 3 to 10 min. After acidification 
with HClO, , the phosphate formed was measured 
according to Wahler and Wollenberger [ 181, or the 
ADP enzymically using a dual-wavelength spectropho- 
tometer [cf. ref. 21. 
In the Pi-ATP exchange xperiments, the reaction 
medium also contained 5 mM s2Pi (specific activity 
200-400 counts/min per nmole) and incubations 
were started by addition of 5 mM ATP. Incorporation 
of ‘2Pi into ATP was determined after extraction of 
the inorganic phosphate according to Nielsen and Leh- 
ninger [ 191 .
125 
Volume 4, number 2 FEBS LETTERS July 1969 
Table 1 
Effect of various conditions on the ATPase and Pi-ATP exchange reaction in “Class I”-spinach chloroplasts. 
Experimental Additions* ATPase Pi-ATP exchange 
(nmoles/min per (nmoles/min per 
mg chlorophyll) mg chlorophyll) 
1 None 334 67 
Ohgomycin (2 fig/ml) 329 65 
Atractyloside (25 &ml) 319 67 
Die-9 (10 ).&ml) 116 2 
Phlotiin (0.75 mM) 127 20 
Laurylamine (0.5 mM) 128 9 
Atebrin (20 hM) 206 5 
FCCP (5 PM) 244 6 
TTFB (5 MM) 281 14 
ADP (1 mM) 55 11 
None 
Dithioerythritol(5 mM) 
Light + dithioerythritol 
Light + pyocyanine (5 MM) 
Light + dithioerythritol 
+ pyocyanine 
334 51 
330 46 
540 124 
335 36 
658 130 
* Unless otherwise stated, the reactions were carried out in complete darkness. 
Light-triggered reactions were illuminated by light 
with an intensity of 85,000 lux during the preincuba- 
tion time in the presence of 5 mM dithioerythritol and 
5 PM pyocyanine. Chlorophyll was determined ac- 
cording to Whatley and Arnon [ZO] . 
The integrity of the chloroplast membrane was 
verified by phase-contrast microscopy [ 171 at a mag 
nification of 1350. “Class I” preparations usually 
contained more than 75% of refractive “Class I” chlo 
roplasts. 
3. Results and discussion 
“Class I” chloroplasts in complete darkness how 
an ATPase with a velocity varying between 200 and 
500 nmoles/min per mg chlorophyll and a Pi-ATP 
exchange of 35 to 70 mnoles/min per mg chlorophyll. 
Both reactions were linear for at least 10 min. 
In table 1 the effects of various conditions on the 
ATPase and the Pi-ATP exchange are summarized. 
Since oligomycin and atractyloside have no effect on 
the velocities of these reactions it may be concluded 
that any mitochondrial contamination of the chloro- 
plast preparation does not contribute to the reactions 
studied. Inhibitors and uncouplers of photophospho 
rylation inhibit both reactions, the exchange reaction 
being the more sensitive. Pm-illumination in the pres- 
ence of dithioerythritol stimulates both reactions ap- 
proximately twofold. This stimulation is probably 
dependent on an endogenous electron acceptor since 
addition of pyocyanine gives only a slight further 
stimulation. Dithioerythritol(5 mM) alone had no 
effect on the dark activities [contrast ref. 151 .
Table 2 shows a comparison between ATPase and 
exchange activities in different classes of chloroplasts. 
From this table it is clear that the dark reactions are 
much more sensitive to structural damage than the 
light-triggered reactions. Sonication of intact chloro- 
plasts for 5 set leads to an inhibition of the dark 
ATPase and exchange of 45 and 50%, respectively, 
whereas this treatment hardly affects the rates of the 
light-triggered reactions. Homogenization of “Class I” 
chloroplasts in a Potter-Elvehjem homogenizer for 
30 set leads to a loss of all refractive particles, as seen 
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Table 2 
Comparison of the ATPase and Pi-ATP exchange reactions in the presence and absence of light in different chloroplast preparations. 
In Experimental 2, “Class I” chloroplasts were homogenized in a Potter-Elvehjem homogenizer for 30 set and divided over 2 cen- 
trifuge tubes. After sedimentation, one pellet was suspended in its own supematant, the other in an equal volume fresh isolation 
medium. 
Experimental 
1 
2 
3 
4 
Preparation ATPase PrATP exchange 
(nmoles/min per (nmoles/min per 
mg chlorophyll) mg chlorophyll) 
dark light dark light 
“Class I” 315 124 40 187 
Sonicated (5 set) 170 780 20 162 
Sonicated (20 set) 119 734 8 71 
“Class I” 236 730 35 116 
Homogenized 256 835 16 69 
Homogenized + washed 151 765 8 56 
“Class II” 0 1120 7 56 
Grana 0 226 0 64 
under the phase-contrast microscope. Chloroplasts thus 
treated have a lower activity when part of the stroma 
phase is removed by washing. The washing apparently 
removes acomponent necessary for the dark reactions, 
since without washing the activities are partially pre- 
served. In agreement with this, “Class II” chloroplasts 
and grana, both of which are derived from organelles 
that are damaged and washed uring the isolation 
procedure, have lost almost all dark activities. In all 
preparations a considerable light-triggered activity is 
observed. 
From these and other [2] experiments, it is evident 
that in intact chloroplasts the reactions leading to 
photophosphorylation are reversible in the dark with- 
out the need for pre-illumination or addition of thiol 
compounds. 
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